C 16 H 13 Cl 2 F 6 N 3 O 3 S, monoclinic, P21/n (no. 14), a = 5.8650 (10) Å, b = 30.196(5) Å, c = 11.777(2) Å, β = 96.619(2)°, V = 2071.8(6) Å 3 , Z = 4, Rgt(F) = 0.0521, wR ref (F 2 ) = 0.1211, T = 173 K.
Experimental details
All H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms with C-H distances in the range 0.93-0.98 Å, and with U iso (H) = 1.2 Ueq for aryl and nitrogen H atoms and 1.5 Ueq for the methyl H atoms. The special instructions are as follows: 1. Fixed U iso , At 1.2 times of: All C(H) groups, All C(H, H) groups, All N(H, H) groups At 1.5 times of: All C(H, H, H) groups 2.a Riding coordinates: N3(H3A, H3B) 2.b Ternary CH refined with riding coordinates: C9(H9) 2.c Secondary CH 2 refined with riding coordinates: C8(H8A, H8B) 2.d Aromatic/amide H refined with riding coordinates: C13(H13), C16(H16) 2.e Idealised Me refined as rotating group: C10(H10A, H10B, H10C), C11(H11A, H11B, H11C).
Comment
Phenylpyrazole derivatives have attracted increasing attention owing to their excellent biological activities [5] . In the field of pesticides, they play a fundamental role in the rapid development of insecticides, and in the field of medicine, their derivatives can reduce analgesia and inflammation [6] .
In the agricultural field, phenylpyrazole compounds are mainly used to deal with soil insects such as gold nematodes, aquatic insects such as rice, and control of aphids [7] . In addition, phenylpyrazole heterocycle derivatives are useful inter-mediates and ligands, from which many macrocyclic compounds with high fluorescence quantum yield and supermolecular structures with extended conjugated aromatic system can be constructed. Heterocyclic ester derivatives and its complexes are important chemical reagents, which can act as a foundational role of a wide range of applications in the fields of catalysis, biochemistry, functional materials, medicine and other research areas [8] . However, to our best knowledge, only a few phenylpyrazole ester compounds have been reported. Considering on the advantages of high stability, long duration of action, good solubility and small side effects for phenylpyrazole ester derivatives, the title compound has been synthesized by an improved Pinner reaction using FeCl 3 as green catalyst, and isobutyl alcohol as solvent and reactant [9] . The molecular structure consists of a pyrazole ring, including a trifluoromethanesulfinyl group and carboxylic acid isobutyl ester group linked on the peripheral part, and a phenyl ring, which is bridged with C-N bond 1.418(3) Å formed by N1-C2 single bond to the 2,6-dichloro-4-trifluoromethylphenyl moiety. The S1-C4 bond distance is 1.747(3) Å, significantly longer than the double bond length of S1-O1 (1.484(2) Å), which is the single bond connecting 5-membered heterocyclic pyrazole ring. The 2,6-dichloro-4-(trifluoromethyl)phenyl moiety is twisted out of the plane of pyrazole ring and the two heterocyclic rings makes a dihedral angle of 73.38(3)° [10] . The isobutylate group is coplanar to the plane of pyrazole ring due to the carboxyl planar structure. However the CF 3 group in the trifluoromethanesulfinyl moiety is almost perpendicular to the pyrazole plane and the angle of C4-S1-C5 is 95.56(14)° [11] . The N2-C3 bond distance is 1.318(4) Å, which is the shortest carbon-nitrogen double bond. The C5-F1, C5-F2 and C5-F3 bond distance (CF 3 group connecting with phenyl moiety) are 1.320(4) Å, 1.327(4) Å and 1.349(4) Å, respectively and their average bond distance is slightly larger than the average value of the other CF 3 group in the trifluoromethanesulfinyl moiety. Generally the geometric parameters are similar to fibronil [12] .
There are some non-classical hydrogen bonds in the packing crystal structure of the title compound, which is partially facilitated by F-H interactions between neighboring molecules. The two most prominent F-H interactions are F2-H11C (bond distance 2.660(2) Å) and F3-H11B (bond distance 2.8640(25) Å), which acts in centrosymmetric pairs between adjacent molecules, connecting these molecules to chains along the b axis of the unit cell. The other hydrogen bond F4-H10C has 2.8787(29) Å bond distance along the c axis and connects these chains with each other. The F-H interactions F1-H3B (bond distance 2.7735(21) Å) is along the a axis, working with other three kinds of hydrogen bonds and building up a perfect two-dimensional structure.
The bioactivities of the title compound and model phenylpyrazole insecticide (fipronil) against the 3 rd instar larvae of Plutella xylostella were investigated by the leaf disc-dipping assay. Leaves of Chinese cabbage grown in the greenhouse were collected, and discs (5 cm diameter) were punched from each leaf. Two kinds of compounds were dissolved in organic solvent (acetone) and suspended in distilled water containing Triton X-100. Leaf discs were dipped in each test solution for 35 s and allowed to dry for 2.5 h. The treated leaf discs were placed into 10 cm diameter Petri dishes. Then, ten Plutella xylostella larvae were introduced into each dish. Doubly distilled water containing acetone-Triton X-100 solution was used as the control. Petri dishes were kept in incubator at 24°C and 80% relative humidity under a photoperiod of 16:8 h light: dark. All treatments were replicated three times. Mortalities were determined 24 h after treatment. The death rate of each treatment group was determined. LC 50 value was calculated by the SPSS. Bioactivity result exhibited that the activities of the title compound against Plutella xylostella after 24 h is 15.26 mg·L −1 , better than that of fipronil 27.24 mg·L −1 . These researches propose a novel insight to provide some novel phenylpyrazole insecticide by an improved pinner reaction.
